INTRODUCTION
Massive -MIMO systems can send data at a higher speed than conventional MIMO systems are capable of, using spatial multiplexing techniques. At the receiver end, a large number of signals are received in addition to along with the signal from the desired transmit antenna, which act as an interference, thus making signal detection a crucial task for massive -MIMO systems [1] . There are various detection techniques which can be used for this purpose, namely: Zero Forcing (ZF), Minimum Mean Square Error (MMSE) detection and Beam Forming (BF). In a conventional communication system, there is only one antenna at both transmitter and receiver ends (also known as Single Input and Single Output (SISO)) due to which a lot of traffic occurs, which in-turn reduces the capacity of the system. The current situation needs huge capacity due to the increasing numbers of subscribers [2] . A comparative study of different linear pre-coding schemes like BF and Regularized Zero Forcing (RZF) for TDD downlink Massive-MIMO gives results for path loss, channel estimation, pilot contamination and arbitrary antenna correlation which suggest that RZF, which is relatively a simple pre-coding scheme, gives the same performance with a much smaller number of antennas per user terminal (UT) as compared to the BF which is complex to calculate [3] . An energy efficient Massive-MIMO system can be designed for high SNR values using interference-suppressing pre-coding schemes like ZeroForcing (ZF) pre-coding [4, 5] . Zero-Forcing (ZF) equalization is in practice very close to the channel capacity of downlink and uplink of a Massive-MIMO for pre-coding and detection. The inverse of the KxK matrix (which gives the weight matrix for ZF equalization) is very complex to calculate and implement for the hardware design of a massive-MIMO system with large number of antennas at the base station. For a large number of base station antennas (say M) and comparatively less number of users (say K, where M>>K), M/K ratio is derived using suitable matrix inversion approximation (Neuman Series (NS) for Matrix Inversion Approximation (MIA)). Using NS-based MIA, calculation of inverse of KxK matrix gets simplified, making it suitable for hardware implementation [6 -8] .
SYSTEM MODEL
Let us consider a NR x N T massive-MIMO system as shown in the figure (1) , where N R is the number of receiver antennas and N T is the number of antennas at the transmitter. Let us consider that all the antennas are uncorrelated.
Mathematical Model
Let denotes a channel matrix and h ji denotes the channel gain between the ith transmit antenna and the jth receive antenna, where j= 1, 2, 3……. N R and i = 1, 2, 3……… N T. Let the multiplexed transmit data signal is denoted by = T where denotes the transmit signal from the ith transmit antenna. The Received data signal is denoted by = T where denotes the received signal at the jth receive antenna. Let denotes the white Gaussian noise, at the jth receive antenna, with a variance .
The N R x N T massive-MIMO system can be represented mathematically as
Where = T and denotes the ith column vector of the channel matrix .
In matrix form MIMO system model can be written as,
Here = (complex channel).
For a sufficiently rich scattering environment with no line of sight (LOS), the channel is a Raleigh Channel with channel gain (| |) where are normally distributed independent random variables. Noise power for each noise component at each receiver antenna is given as
The covariance matrix for noise is given mathematically as
The noise at each antenna is uncorrelated and white across the space, hence known as spatial noise.
Signal Detection
For the above mentioned model of massive -MIMO we use here two kinds of linear signal detectors, namely ZF and MMSE and an angle based signal detector named as BF. To detect the desired signal from the target transmit antenna at receiving end, all the interference signals are nullified or minimized by inverting the effect of the channel by multiplying a suitable weight matrix , such that
i.e. the each detected symbol is represented by the linear combination of receiving signals.
A. Zero Forcing Signal Detection
In Zero forcing signal detection the interferences are nullified by weight matrix W ZF, where
It inverts the effect of the channel as
Where, = = 
MMSE Signal Detection
In MMSE signal detection the interference is minimized by enhancing the post detection signal-to-interference plus noise ratio (SINR) by multiplying the received signal with MMSE weight matrix, given as: 
Where, =
The MMSE receiver requires the statistical information about the noise ( ).
Noise power can be calculated as .
The expected value of noise power is given as
For a 4x4 MIMO system, simulation results for BER using MMSE equalization is given in Figure 2 . 
BEAM FORMING
In beam forming signal detection technique we use closeloop transmit diversity scheme where the channel is already known to the receiver. To minimize the effect of the channel, the symbol transmitted from each transmit antenna is multiplied by a complex number which is equal to the inverse of the phase of the channel, so that all the received signals at a receiver leads to constructive interference.
Mathematically, received signal (without BF) is given as:
In matrix form y= + n
Received signal (with BF) y= + n (20)
Where, hi= Thus, the signal received at the receiver is
To invert the effect of the channel, the received symbols are multiply by the inverse of the channel matrix obtained using beam forming. The detected symbol can be expressed mathematically as
For a 4x1 MIMO system, simulation results for BER using BF equalization is given below (Figure 3 ).
Figure 3. Simulation result BER vs Eb/No for 4x1 MIMO using BF equalizer
For an 8x1 MIMO system, simulation results for BER using BF equalization is given below (Figure 4 ). 
RESULTS AND DISCUSSION
Simulation results for 4x4 MIMO-Systems, using three different equalization techniques (ZF, MMSE and Beam Forming), are analysed to obtain the behaviour of their performances based on BER. Zero forcing equalization is trying to nullify the interference and gives a moderate 
